INTRODUCTION
A variance component approach is an efficient and powerful tool for dissecting the variation due to quantitative trait loci (QTL) because of its generality and flexibility (Goldgar 1990; Amos 1994; Grignola et al. 1996; Almasy and Blangero 1998; Van Arendonk et al. 1998; Blangero et al. 2000; George et al. 2000) . In the approach, QTL are treated as random effects, which makes it possible to apply complex covariance structures based on general and complex pedigree. It is also feasible to simultaneously consider additional effects in the statistical model, e.g. those of other QTL and their interactions (Blangero et al. 2000) .
Quantitative trait variation associated with causal mutations in the loci can be decomposed into additive genetic effects, dominance (intra-locus interactions) and epistasis (inter-locus interactions). Additive genetic effects due to QTL and their interlocus interactions have been explicitly considered in several QTL mapping studies (Jansen 1993; Zeng 1993; Mitchell et al. 1997; Blangero et al. 2000; Carlborg et al. 2000) . However, few studies about dominance in QTL mapping have been reported for outbred populations although a part of variation due to QTL may be caused by dominance. The reason of dominance not having been explicitly considered may be because common dominance effects can be predicted mainly for full sibs which are not frequently occurring in outbred or natural populations with a general pedigree. Moreover, such a general pedigree structure spans several generations with complex relationships, and ancestors' genotypes are often unavailable (Haley 1999) .
IBD coefficients between haplotypes of unrelated founders in a recorded pedigree can be estimated based on linkage disequilibrium (LD) using coalescence methods (Meuwissen and Goddard 2001; Perez-Enciso 2003; Morris et al. 2004) . This makes it possible to estimate the covariance between unrelated animals due to additive gene effects and intralocus allelic interactions. Additive genetic and dominance relationship coefficients based on LD and pedigree information are giving much more information about covariance between individuals for a targeted QTL region. Therefore, this approach allows estimating additive genetic and dominance effects in outbred or natural population without a particular designed family structure. to deal with the case of complex pedigree with incomplete genotypic data and many markers (Lee et al. 2005) .
MATERIALS AND METHODS

Mixed linear model:
A vector of phenotypic observations can be modeled as
where y is a vector of phenotypic observations on the trait of interest, β is a vector of fixed effects, u is a vector with a random polygenic effect for each of n individuals, q is a vector of n random additive genetic effects due to QTL, d is a vector of n random effects due to intra-locus allelic interaction at the QTL and e are residuals. probabilities and I is an identity matrix. X, and Z are incidence matrices for the effects in β , and u, q and d, respectively. From (1), the associated variance covariance matrix of all observations (V) for a given pedigree and marker genotype set is modeled as,
It is noted that the IBD coefficients between all haplotypes (2n) are transformed to a covariance between individual genotypes without loss of information, which is RM G (n x n) (Tier and Solkner 1993; Pong-Wong et al. 2001; Lee and van der Werf 2006) .
Therefore, the number of terms corresponding to q reduces to n x n which is the same for u. The number of terms corresponding to d is originally the same as that for u (Liu et al. 2002) . Therefore, a single incidence matrix, Z, can be used for u, q and d. 
Estimation of
where G represents the observed marker data, pr( S ) is prior probability of the segregation state, Pr(G | S ) is the probability of the observed marker data given S , and the denominator is summed over the probabilities of all possible segregation states. Since the computation of the denominator is not generally feasible, a Markov Chain Monte
Carlo approach is required to obtain the posterior distribution of the segregation state. Lee et al. 2005) . Joint updates for each individual result in better mixing properties and the process is much more reliable than those of a single site Gibbs sampler (Thompson and Heath 1999) . To increase mixing properties, the random walk approach (Sobel and Lange 1996) is used for the potential reducible sites in the meiosis sampler (Lee et al. 2005) . and Goddard (2000; . Sampled segregation indicators at multiple marker loci for descendents are used to estimate linkage-based IBD probabilities between relatives.
There are four IBD probabilities between any pair of individuals i and j in the pedigree which are the probabilities of paternal or maternal QTL allele of individual i being IBD to the paternal or maternal allele of individual j, given marker genotypes (Liu et al. 2002) 
where x is paternal (P) or maternal (M) QTL allele for each individual. From the probabilities, the additive genotype coefficient between animals i and j at the QTL is,
The dominance relationship coefficient between animals i and j at the QTL is, likelihood and variance components can be estimated. An efficient algorithm to obtain REML estimates is one that uses the average of the information from the observed derived Hessian coefficients and the expected derived Fisher information coefficients (see Gilmour et al. 1995; Johnson and Thompson 1995) . We solved the average information (AI) REML equation, directly using the variance covariance matrix rather than using the mixed model equations (see Lee and van der Werf 2006) .
Simulation study
One hundred generations with a population size of 100 was simulated for 10 marker loci at 1 cM intervals and a QTL to generate LD between QTL and flanking markers beyond recorded pedigree. In each generation, the number of male and female parents was 50 and their alleles were transmitted to descendents based on Mendelian segregation using the genedropping method (MacCluer et al. 1986 ). Parents were randomly mated with a total of 2 offspring for each of 50 mating pairs. Note that no pedigree information was recorded for these 100 generations.
The number of base alleles in each marker locus was 4 and starting allele frequencies were all at 0.25. The marker alleles were mutated at a rate of 4 x 10 -4 per generation (Dallas 1992; Weber and Wong 1993; Ellegren 1995 
where
is the paternal (maternal) QTL allele and PM i is interaction between the two alleles. There were three cases considered for intra-locus allelic interaction for the QTL.
The favorable QTL allele ( f A ) had an additive value of 7 (a=7) and allelic interaction with a particular allele (say i A ) gave a value of 14 (d=7) for case 1, or 21 (d=14) for case 2. The last (case 3) was that homozygous recessive alleles (any pair of r A ) gave 14, otherwise no effects ( Figure 1A ). The density curve for the proportion of replicates positioning the QTL for each position is also very similar for both models with and without RM D ( Figure 1A ). Whether RM D is used or not, the QTL is significantly detected for all replicates (the power is 1). This shows that the use of RM D has no effect on the mapping performance when dominance effects are absent.
In case 1, the LR at the correct QTL position is much higher with RM D used to fit the The difference between the performance with and without RM D is much bigger when using an effective size of 100 (31.09 and 26.76) than when using an effective size of 400 (11.38 and 10.73). The overall LR values substantially decreases with the higher value of past effective size.
The level of LD can be predicted given the length of a chromosomal region and the value of past effective size (Sved 1971) .
where e N is past effective size and c is the recombination rate of the chromosomal region. E(r 2 ) is defined here as the expected probability of the chromosomal region being IBD when two random haplotypes are taken from the population (Hayes et al. 2003) . Previous reports on LD variance component mapping (Meuwissen and Goddard 2000; Meuwissen et al. 2002; Blott et al. 2003) have ignored intra-locus interaction.
Estimated variance components:
We constructed RM D based on combined LD and linkage information with general complex pedigree of 2 generations using a MCMC method (Lee et al. 2005) , and investigated whether power and accuracy of mapping increases with the RM D .
Moreover, we showed that the MCMC method made it possible to construct IBD matrices and RM D with complex pedigree of several generations (~ 5 generations) having a large proportion of missing genotypes. The recursive method described in Liu et al. (2002) could not deal with missing genotypes.
In case 1 and 2, the power was high (> 0.95) and the same for both models with and without RM D . This was probably due to the fact that additive QTL effects were already large enough to provide significant QTL signals ( The LR values with a 5 generation pedigree were lower than with a 2 generation pedigree. This was probably because haplotype reconstruction for the founders were based on descendents' genotypes, and this was less accurate compared to using their own genotypes as in the 2 generation pedigree. Besides that, a high proportion of missing genotypes and complex relationships may often cause non-communicating classes in the Markov chain (i.e. reducibility problem). However, the LR values were still fairly peaked on the true QTL position with a 5 generation pedigree using LDL mapping.
Our Another reason for upward bias was probably because the dominance variances were estimated and averaged over for replicates where it was significant, which resulted in a truncated distribution of the estimation (Beavis 1994; 1998; Xu 2003 (Gengler et al. 1997; Misztal et al. 1998) . For mapping single gene characteristics, e.g. a recessive disease gene, the proposed approach can also be an alternative to homozygosity mapping (Lander and Botstein 1987; Miano et al. 2000) .
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